Introduction
By superheavy elements (SHEs) we mean elements with proton number (Z) near the next magic number beyond the magic number Z = 82, corresponding to Pb. The possibility of finding the magic or doubly magic isotopes of SHEs led to the prediction of a region of enhanced stability in the 1960's 1,2,3,4,5 . Since then,the nuclear synthesis and investigation of new superheavy elements has been a challenging problem in nuclear physics. A worldwide effort has been made to explore the island of stability of SHEs. Many experimental groups in various laboratories are trying hard to study various peculiar aspects of SHEs 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 . For the synthesis of heavy and superheavy elements, two approaches have been successfully employed. Firstly, via cold fusion reactions, which have been successfully used to synthesize superheavy elements up to Z = 112 at GSI 7, 18, 19, 20, 21 and that with Z = 113 at RIKEN 22 , and to confirm these experiments at RIKEN 22, 23, 24 and LBNL 25 . Secondly, hot fusion reactions have also been used to synthesize superheavy elements from Z = 112 to 116 and 118 26, 27, 28, 29, 30, 31 . Efforts are on to synthesize still heavier elements in various laboratories all over the world.
An impressive progress in the synthesis and experimental studies of the heaviest nuclei 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 requires intensive theoretical studies of them. Their studies are needed for predicting stability properties of as yet undiscovered SHEs and also for the interpretation of already existing experimental results. In the last decade, several theoretical investigations of SHEs are focused both on the structure and decay properties and on the synthesis mechanism 32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61 . In general most of the advanced model calculations predict the existence of a closed shell at N = 184; however, they differ in predicting the atomic number of the closed proton shell. Some macroscopic-microscopic (MM) theories which traditionally involve a priory the knowledge of densities, single particle potentials and other bulk properties, they predict the magic shells at Z=114 and N=184 32, 33, 34, 5, 35 . At the same time, the predictions of shell closure for the superheavy region within the relativistic and non-relativistic theories depend mostly on the force parameters 36,37 . For example, the Skyrme Hartree-Fock (SHF) calculation with SkI4 force gives Z=114, N=184 as the next shell-closures and the relativistic microscopic mean field formalism (RMF) 38 predicts the probable shell-closures at Z=120 and N=184. Recently, more microscopic theoretical calculations have predicted the various other region of stability, beyond Z=82, N=126, as Z=120, N=172 or 184 36,38,39 and Z=124 or 126, N=184 41,42,43 . Such estimations of structure properties of nuclei in the superheavy mass region is a challenging area in nuclear physics and a fruitful path towards the understanding of 'island of stability' beyond the spherical doubly-magic nucleus 62,63 . Progress in understanding the structure of the heaviest nuclei can be achieved through the theoretical and experimental studies of production and decay of superheavy elements (SHEs).
SHEs are an excellent testing ground for nuclear theory models. The SHE in the ground state is formed at the end of the cooling-down process of the compound nucleus. The α particles are mainly emitted from the ground state of a formed SHE, because as a rule, the γ-decay half-lives of low-lying excitation states are shorter than the α-decay half-lives of corresponding levels. Alpha decay is one of two main decay modes of the heaviest nuclei. It is important for these nuclei because: many of the already known heavy nuclei decay by this mode, also many of the nuclei not yet observed, specially superheavy nuclei are predicted to be α emitters, and properties of this decay give a good method for identification of decaying nuclei 2. Theoretical Framework
The Skyrme Hartree-Fock Method
The general form of the Skyrme effective interaction, used in the mean-filed models, can be expressed as an energy density functional H 78,79,80 ,
where K = 2 2m τ is the kinetic energy term with m as the nucleon mass, H 0 is the zero range, H 3 the density dependent term, and H ef f the effective-mass dependent term, relevant for calculating the properties of nuclear matter, are functions of nine parameters, t i , x i (i = 0, 1, 2, 3), and η, given as
The other terms, representing the surface contributions of a finite nucleus with b 4 and b ′ 4 as additional parameters, are
and
here, the total nucleon number density ρ = ρ n + ρ p , the kinetic energy density τ = τ n + τ p , and the spin-orbit density J = J n + J p , with n and p referring to neutron and proton, respectively. The J q = 0, q = n or p, for spin-saturated nuclei, i.e., for nuclei with major oscillator shells completely filled. The total binding energy (BE) of a nucleus is the integral of the energy density functional H. We have used here the Skyrme SkI4 and SLy4 sets with
81 , designed for considerations of proper spin-orbit interaction in finite nuclei, related to the isotopic shifts in the Pb region.
The Relativistic Mean-Field Formalism
The relativistic Lagrangian density for a nucleon-meson many-body system 82,83,84,85 ,
All the quantities have their usual well-known meanings. From the above Lagrangian we obtain the field equations for the nucleons and mesons. These equations are solved by expanding the upper and lower components of the Dirac spinors and the boson fields in an axially deformed harmonic oscillator basis, with an initial deformation β 0 . The set of coupled equations is solved numerically by a self-consistent iteration method. The center-of-mass motion energy correction is estimated by the usual harmonic oscillator formula E c.m. = ρ(r ⊥ , z)r 2 dτ , where A is the mass number, and ρ(r ⊥ , z) is the deformed density. The total binding energy and other observables are also obtained by using the standard relations, given in 83,84 . We have used the recently proposed parameter set NL3* 86 , which improves the description of the ground state properties of many nuclei over parameter set NL3 87 , and simultaneously provides an excellent description of excited states with collective character in spherical as well as in deformed nuclei. Just to compare, we have also used the parameter set NL3 87 , which has been used in the last ten years with great success to describe many ground state properties of finite nuclei all over the periodic table 88, 89, 90, 91, 92, 93, 94, 95 . However, in the mean time, several other relativistic mean-field interactions have been developed. In particular, the density dependent meson-exchange DD-ME1 96 and DD-ME2 97 effective interactions. These effective interactions have been adjusted to improve the isovector channel, which has been the weak point of the NL3 87 effective interaction, and provide a very successful description of different aspects of finite nuclei 98,99 . Recently, a new DD-PC1 100 (density dependent point coupling) effective interaction has been developed, which works very well in the region of deformed heavy nuclei. As outputs, we obtain different potentials, densities, single-particle energy levels, radii, deformations and the binding energies. For a given nucleus, the maximum binding energy corresponds to the ground state and other solutions are obtained as various excited intrinsic states.
Pairing Calculation
It is well know that pairing correlations have to be included in any realistic calculation of medium and heavy nuclei. In principle, the microscopic Hartree-FockBogoliubov (HFB) theory should be used, which have been discussed in several articles 98, 99, 100, 101, 102, 103, 104, 105 and in the references given there. However, for pairing calculations of a broad range of nuclei not too far from the β-stability line, a simpler approach, the constant gap, BCS-pairing approach is reasonably well. But, this simple approach breaks down for nuclei far from the valley of β-stability, where the coupling to the continuum is important 106 . In the present study, we treat the pairing correlations using the BCS approach. Although the BCS approach may fail for light neutron rich nuclei, the nuclei considered here are not light neutron rich nuclei and the RMF results with BCS treatment should be reliable.
The contribution of the pairing interaction to the total energy, for each nucleon, is
where v , and hence on the deformation parameter β 2 , particularly near the Fermi surface. It is known to us that the pairing energy E pair diverges if it is extended to an infinite configuration space for a constant pairing parameter △ and force constant G. Also, for the states spherical or deformed, with large momenta near the Fermi surface, △ decreases in all the realistic calculations with finite range forces. However, for the sake of simplicity of the calculation, we have taken constant pairing gap by assuming that the pairing gap for all states are equal to each other near the Fermi surface. In the present calculations we have used a pairing window, and all the equations extended up to the level ǫ i − λ ≤ 2(41A 1/3 ), where a factor of 2 has been included in order to reproduce the pairing correlation energy for neutrons in 118 Sn using Gogny force 107 . This kind of approach to treat the pairing correlation, has already been used by us and many other authors in RMF model as well in non relativistic SHF model 47,83,107,111,112,113,114 . 
Results and Discussion

Ground state properties using the SHF and RMF models
There exist a number of parameter sets for solving the standard SHF Hamiltonians and RMF Lagrangians. In many of our previous works and those of other 39,83,87,115,116,117 the ground state properties, like the binding energies (BE), quadrupole deformation parameters β 2 , charge radii (r c ), and other bulk properties , are evaluated by using the various nonrelativistic and relativistic parameter sets. It is found that, more or less, most of the recent parameter sets reproduce well the ground state properties, not only of stable normal nuclei but also of exotic nuclei far away from the valley of β-stability. This means that if one uses a reasonably acceptable parameter set, the predictions of the model will remain nearly force independent. In this paper we have used the improved version of NL3 parameter set (NL3*), standard NL3, SkI4 and SLy4 parameter sets for our calculations. 
Binding Energy and Two-neutron Separation Energy and Pairing Energy
Binding energies are important quantities of nuclei and they are directly related to the stability of nuclei and to α-decay energies. Whether a model can quantitatively reproduce the experimental binding energy is a crucial criterion to judge the validity of the model for superheavy nuclei. Figure 1 shows the total binding energy BE, obtained in both nonrelativistic SHF and relativistic RMF formalism compared with the Finite Range Droplet Model (FRDM) results 67,68 . From the figure it is clear that, the binding energy obtained in both the RMF and SHF models are qualitatively similar. We notice that the binding energy, obtained using the NL3 and NL3* parameter set are almost equal within lower mass region but, towards higher mass region, the binding energy using NL3* parameter set, is gradually getting lower values than NL3 parameter set, which are over-estimate to both the SHF (SkI4) and SHF (SLy4) results by almost a constant factor. For the total binding energy of the isotopic chain in Tables 1, 2 and Figure 1 , we notice that the macro-microscopic FRDM calculation lies in between microscopic RMF and SHF. In case of SHF (SkI4) the difference decreases gradually towards the higher mass region. The binding energy per particle (BE/A) for the isotopic chain is also plotted in Figure 2 . We notice that the SHF and RMF curves could almost be overlapped with one another through a constant scaling factor. The FRDM calculation lies in between RMF and SHF. This means, qualitatively, all the curves show a similar behavior. In general, the BE/A value starts increasing with the increase of mass number A, reaching a peak value at A ∼ 304 for RMF, SHF and FRDM models. This means that 304 120 is the most stable element from the binding energy point of view, which is situated at A∼ 304 (N=184, Z=120). Interestingly, this neutron number are close to N = 184, which is the next predicted magic number 118 . It is worthy to mention that, the results obtained in the present calculation are almost consistents to the prediction by earlier calculations 36,37,50,51,52,53,54 using some different force parameters. Hence, we may note that the results for binding energy and related observables like magic numbers are independent of force parameters.
In Tables 1 and 2, we calculations. The comparisons of S 2n for RMF and SHF models with the FRDM result are further shown in Figure 3 , which clearly shows that the RMF and the FRDM S 2n values coincide remarkably well, except at mass A = 316 which seems spurious due to some error somewhere in the case of FRDM. Apparently, the S 2n decrease gradually with increase of neutron number, except for the noticeable kinks Figure 4 (a), we show the pairing energy E pair for both the ground state (g.s.) using RMF(NL3*) and RMF(NL3), and the first excited state (e.s.) using RMF(NL3), referring to different β 2 values for the full isotopic chain. The difference in the two E pair values, i.e. ∆E pair = E pair (g.s.) -E pair (e.s.), is shown in Figure 4(b) . It is clear from Figure 4 We have also calculated the existing other solutions for the whole Z = 120 isotopic chain, both in prolate and oblate deformed configurations. In many cases, we find low-lying excited states. As a measure of the energy difference between the ground band and the first excited state, we have plotted in Figure 5 intrinsic excited states (e.s.). From Figure 5 , we notice that, in RMF calculations, the energy difference △E is small for neutron-deficient isotopes, but it increases with increase of mass number A in the isotopic series. This small difference in the binding energy for neutron-deficient isotopes is an indication of shape coexistence. In other words, the two solutions in these nuclei are almost degenerate for a small difference of output in energy. For example, in 290 120, the two solutions for β 2 = 0.555 and β 2 = 0.002 are completely degenerate with binding energies of 2047.503 and 2047.202 MeV. This later result suggests that the ground state can be changed to the excited state and vice-versa by a small change in the input, like the pairing strength, etc., in the calculations. Similarly, in case of SHF (SkI4) calculation, the energy difference △E remains small between mass number A = 286 to 300 and between mass number A = 308 to 324, indicating of the presence of shape coexistence. We also have the indication of the presence of shape coexistence through SHF (SLy4) calculation. In any case, such a phenomenon is known to exist in many other regions of the periodic table 119,120,121,122 . Figure 6 for SHF and RMF formalisms, and compared with the FRDM results 67,68 show that the FRDM results differ strongly along the whole mass regions.
In both the SHF (SkI4) and SHF (SLy4) results, we find that the solutions for the whole isotopic chain are prolate. However, in some mass region, we find highly deformed prolate solutions in the ground state configuration. In RMF formalism using both NL3* and NL3 parameter set, we find shape change from prolate to highly deformed oblate at A = 282. Then, with increase in mass number there is a shape change from highly oblate to highly prolate, and again we find a shape change from highly prolate to highly oblate at A = 320. A more careful inspection show that the solutions for the whole isotopic chain are prolate, except at A = 282, 284 and at A = 320-324 for both the RMF(NL3*) and RMF(NL3) model. Interestingly, most of the isotopes are superdeformed in their ground state configurations, and because of the shape coexistence properties of these isotopes, sometimes it is possible that the ground state could be the near spherical solution. , 2) is the binding energy of the α-particle ( 4 He), i.e., 28.296 MeV, and BE (N-2, Z-2) is the binding energy of the daughter nucleus after the emission of an α-particle.
The half-life time log 10 T α 1/2 (s) values are estimated by using the phenomenological formula of Viola and Seaborg 126 :
where Z is the proton number of the parent nucleus. (in sec) for α-decay series of 292 120 nucleus, calculated in the SHF (SkI4), SHF (SLy4), RMF(NL3*) and RMF(NL3) models, and compared with the Finite Range Droplet Model (FRDM) results [62] and other theoretical results [29, 67, 68, 69] We choose the nucleus 292 120 (N = 172) for illustrating our calculations of the α-decay chain and the half-life time T α 1/2 . The binding energies of the parent and daughter nuclei are obtained by using both the RMF and SHF formalisms. The Q α values are then calculated; they are shown in Table 3 and 4 and in Figure 7 . Then, the half-life T α 1/2 values are estimated by using the above formulae, and are also given in Table 3 From Figure 7 and 8 and Table 3 and 4, we notice that the calculated values for both Q α and T α agree fairly well with the FRDM predictions, as well as with the other theoretical results available. For example, the value of both Q α and T α , in both the FRDM and SHF model, coincides well for the 288 118. For 280 114 isotope, the SHF (SLy4) prediction also coincides well with the Sobiczewski result for both Q α and T α , and the Q α value of RMF with FRDM result. Furthermore, the possible shell structure effects in Q α , as well as in T α , are noticed for the daughter nucleus Α Fig. 7 . The Qα energy for the α-decay chain of the 292 120 nucleus using nonrelativistic SHF (SkI4), SHF (SLy4) and relativistic mean-field formalism (RMF) with NL3* and NL3 parameter set, compared with the FRDM [62] and other theoretical results [29, 67, 68, 69] wherever available.
The α-decay series of 304 120 nucleus
In this subsection, we present the Q α and T α 1/2 results for the decay series of 304 120 nucleus, using the same procedure as explained in the previous subsection for 292 120 nucleus. The results obtained are listed in Table 5 From Figure 9 and Tables 5 and 6 , we notice that the calculated values for Q α agree quite well within different models at different mass numbers. (in seconds) for the α-decay chain of the 292 120 nucleus using nonrelativistic SHF(SkI4), SHF(SLy4) and relativistic mean-field formalism (RMF) with NL3* and NL3 parameter set, compared with the FRDM [62] and other theoretical results [29, 67, 68, 69] wherever available. and 284 110 (N = 174) in SHF (SLy4). Here again we note that these proton and neutron numbers refer to either observed or predicted magic numbers.
Summary
Summarizing, we have calculated the binding energy, and quadrupole deformation parameter for the isotopic chain of 292 120 and 304 120 superheavy element, which are being planned to synthesize. We employed both the SHF and RMF formalisms using various parameter sets, for both the ground as well as intrinsic first excited states to see the model dependence of the results. We found qualitatively similar predictions in both techniques and the results obtained here also consistents to earlier calculation with different forces 36,37,50,51,52,53,54 . From the calculated binding energy, we also estimated the two-neutron separation energy (S 2n ) and the energy difference (△E) between ground state and first excited state for studying the shape coexistence. A shape change from prolate to highly deformed oblate at A = 282, and from highly deformed prolate to highly deformed oblate at A = 320 is observed in RMF formalism. In RMF calculation most of the ground state structures are found to be highly deformed prolate, differing strongly with the (in seconds) for the α-decay chain of the 304 120 nucleus using nonrelativistic SHF(SkI4), SHF(SLy4) and relativistic mean-field formalism (RMF) with NL3* and NL3 parameter set, compared with the FRDM [62] and other theoretical results [29, 67, 68, 69] wherever available.
